Suspension cultures of Paul's Scarlet rose were grown in two defined media which differed only in their inorganic nitrogen content. Both possessed equal amounts of NO3' (24 mM), but differed in that NH4' (0.91 mM) was present in control medium; whereas, no NH4( was present in the test medium. A comparison of fresh weight increases over a 14-day growth period showed that NH4+ caused a 2-fold stimulation in growth and governed the pattern of development.
In previous work with suspension cultures of Paul's Scarlet rose, cells were shown to grow with only NO3+ serving as a nitrogen source, but maximum growth required a supplemental amount of either NH4+ or glutamine (22) . Similar requirements were reported for suspension cultures of soybean (1, 23) . Thus, in these tissue culture systems a reduced form of nitrogen such as NH4+ is required for the maximum utilization of NO3+ provided in the medium.
It is well accepted that NO3+ induces the synthesis of NR1, the first enzyme in the pathway of NO3+ reduction. However, the regulatory role played by NH4+, end-product of NO3+ reduction, is less clearly understood. Ammonium has been shown to repress the induction of NR in Neurospora, Chlorella, and Lemnaceae (2) . In most higher plants NH4+ either has no influence or it enhances the induction of NR by NO3- (2, 11) .
Based on extensive studies with genetic hybrids of corn and wheat, Hageman and colleagues (7, 8) proposes that the level of NR in a plant governs the growth and yield of the plant. Despite the close correlation in hybrids between growth and NR activity it is impossible, in intact plants, to The NADP-dependent isocitrate dehydrogenase activity was determined by the method of Kornberg (15) . The reaction mixture contained, in a final volume of 3 ml, 250 ,umol of tris-HCI buffer, pH 7.5, 0.16 Amol of MgSO4, 12 Amol of DLisocitrate, 2 ,Lmol of NADP, and 0.2 ml of enzyme preparation.
The NAD-dependent isocitrate dehydrogenase was assayed according to the method of Coultate and Dennis (5). The reaction mixture contained, in a final volume of 4 ml, 120 umol of tris-HCl buffer, pH 7.4, 0.16 ,umol of MnSO4, 12 umol of DLisocitrate, 2 ,tmol of NAD, and 0.1 ml of MS.
Glyceraldehyde-3-P dehydrogenase activity was determined by a modification of the method of Cori et al. (4) . A 2.8 ml reaction mixture contained 42 ,tmol of sodium pyrophosphate buffer, pH 8.5, 2 ,umol of NAD, 10 j,mol of cysteine-HCl, 51
,umol of sodium arsenate, and 0.1 ml of enzyme preparation. The reaction was started by adding 20 umol of DL-glyceraldehyde-3-P.
RESULTS
Growth Kinetics. Control cells cultured in complete medium ( Fig. 1) showed three phases of growth (day 0 to 3, 3 to 9, and 9 to 14). These phases correspond to the lag, division, and expansion phases which are characteristic of some suspension cultures (24) . At the conclusion of the 14-day growth period the cells weighed 19.7 g. This was a 40-fold increase in fresh weight.
When cells were grown in medium with no NH4+ (Fig. 1) , the pattern of growth was changed. The lag phase lasted until day 5, and this was followed by a second rate of growth which continued until day 12 whereupon a third rate of growth commenced. At no time did the growth rate of these cells equal that of the control cells. The fresh weight after 14 days of growth was 9.6 g. This was a 19-fold increase in fresh weight.
The influence of NH4' on growth was studied further by observing the changes in growth when NH4+ was added to cells previously cultured for 1 or 5 days in medium without NH4+ (Fig. 1) . Upon addition of NH4+ on either day 1 or 5, the growth rate and final fresh weight were increased in comparison to cells grown for 14 days without NH4'. In both cases the fresh weight after 14 days of growth was still less than that of the control cells, and the separate phases of division and expansion were less distinct.
Effect of Ammonium on Development of Nitrate Reductase. There was no appreciable increase in NR activity after the first day following transfer of cells to fresh medium (Fig. 2) . Subsequently, the activity in the control cells increased rapidly and attained a maximum value of 5.9 Amol of KNO2/hr g fresh weight on day 5. In contrast to this, when cells were grown without NH4+, the maximum NR activity of 2.2 ,imol of KNO2/ hrsg fresh weight occurred on day 6 and it was only half of the activity present in control cells on day 5. The developmental patterns were the same when the data were expressed on a per ,ug of protein basis.
When NH4+ was added to cultures which had been previously grown for 1, 2, or 4 days without NH4+ there was a pronounced increase in NR activity within 1 day. This was most apparent when NH4+ was added to day 2. In this case, NR activity increased 8-fold during the first 24 hr following NH4+ addition, as compared to a 3-fold increase in cells which did not receive the NH4+ addition. Furthermore the rate at which NR activity increased during the first 24-hr period following NH+ addition was equal to the most rapid rate at which the enzyme activity increased in the control cells. However when NH4+ was added on days 1, 2, or 4 the period of rapid increase in enzyme activity lasted for only 1 day; whereas, in control cells this rate continued for 3 days. The delayed addition of NH4+ caused a rapid increase in NR activity but the period of rapid increase was of short duration. As a result of this the maximum enzyme activity of approximately 2.9 ,mol of KNO2/hr-g fresh weight was only half of the enzyme activity observed in the control cells on day 5 genase and Glyceraldehyde-3-P Dehydrogenase. Both the particulate and the soluble isocitrate dehydrogenase were examined and their developmental patterns were observed to be about the same (Fig. 3) . For example in control cells the maximum activity for both the particulate and the soluble enzyme appeared on day 3; whereas, the maximum level for both enzymes in cells grown without NH4+ occurred on day 5. The maximum activities of isocitrate dehydrogenase attained in cells grown in both media were approximately equal. The soluble, NADP-requiring isocitrate dehydrogenase was more plentiful in the young cells; whereas, the particulate bound, NAD-requiring enzyme was the predominant form of the enzyme in the older cells, an observation which differs with previous reports on this enzyme (3, 25) .
In control cells grown with NH4+ glyceraldehyde-3-P dehydrogenase activity increased rapidly and reached its maximum value on day 4 (data not shown). The activity of this enzyme also increased rapidly in cells grown without NH4', but reached its maximum value 1 day later. The maximum activity attained in both cultures was approximately the same.
Uptake of NO3-and NH4+ from Medium. The removal of NH41 and NO3-from the medium was determined. During the first 3 days of growth, NH4+ was rapidly removed from the medium (Fig. 4) , and by day 5 no NH4+ was detected in the medium. The uptake of NO3-from the medium of both cultures was almost identical during the first 6 days, the period during which NR activity increased most rapidly. Slight differences in NO3-uptake were observed after the NH4+ was depleted from the medium. Thus NH4+ did not appear to influence the uptake of NO3-.
DISCUSSION
In an earlier study (9) it was shown through DNA determinations and microscopic examination of rose cells that the lag and division phases were periods of growth when the rate of cell division exceeded the rate of expansion; whereas, during the expansion phase the reverse was true, the rate of expansion exceeded the rate of division. Nash and Davies (20) did not observe these phases of growth in their work with suspension cultures of Paul's Scarlet rose. In the present study cells grown for 14 days in 80 ml of MPR medium had a 40-fold increase in fresh weight and a final yield of 19.7 g. Furthermore the growth kinetics showed distinct phases of growth comparable to those reported in previous work from this laboratory (6, 9, 21) . The present work showed that when cells were grown in MPR medium without NH4+ only a 19-fold increase in fresh weight occurred, the fresh weight yield was reduced to 9.6 g, and the division and expansion phases were less distinct. These results were strikingly similar to those of Nash and Davies where a 16- fold increase in fresh weight and a final yield of 12 g was reported after 14 days growth in 90 ml of medium (20 (7, 8) . The present study also suggested that the time of maximum NR activity was also important in governing the amount of cell growth. This was borne out by observing that NH4+ added on different days during growth (day 1, 2, or 4) led to an earlier development of NR but not a substantially greater amount of enzyme activity in comparison to the cells grown without NH4+ (Fig. 2) . However, the earlier NH4+ was added in the growth cycle the greater the fresh weight yield was on day 14 (Fig. 1) . Thus both the amount and time of NR development governed the growth of tissue culture cells.
We believe the stimulatory influence of NH4+ on NR activity was due to enhanced enzyme synthesis since NH41 had no in vitro influence on the enzyme, an observation which is consistent with the work of others (16, 19) . The magnitude of the NH4+ stimulation when it was included in the starting medium was approximately the same as reported for soybean tissue cultures (1) and mung bean seedlings (12) . Addition of NH4+ on selected days during growth showed that the cation brought on an 8-fold stimulation of NR activity in 24 hr. This result was the opposite of what has been observed in Chlorella cultures where NH,+ added after the development of NR activity had begun prevented any further increase in the enzyme (19) . Thus the synthesis of NR in rose cells was stimulated by NH4', and the mechanism responsible for this appears to be characteristic of higher plants (1, 12, 13) , but not algae and fungi (14, 17, 19) .
The enhanced activity of NR by NH4+ may have been a general influence of NH4+ on enzyme synthesis. To examine this possibility, glyceraldehyde-3-P dehydrogenase and isocitrate dehydrogenase were studied as representative of the EmbdenMeyerhof-Parnas pathway and the tricarboxylic acid cycle, respectively. Since NH41 did not substantially alter the level of these enzymes it was concluded that NH4+ had a selective influence on the synthesis of certain enzymes which included nitrate reductase.
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